The preliminary results of a study of the Zeeman effect due to the general magnetic field of the sun have been given in a previous paper.
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The preliminary results of a study of the Zeeman effect due to the general magnetic field of the sun have been given in a previous paper. 2 With the aid of suitable polarizing apparatus, used in conjunction with the 75-foot spectrograph of the 150-foot tower telescope, four lines in the third-order spectrum of an excellent Michelson grating were found to show displacements corresponding in sign and agreeing closely in magnitude with theoretical values calculated for a uniformly magnetized sphere. The extreme minuteness of the displacements, usually less than a thousandth of an angstrom, led us to defer final acceptance of the provisional conclusions until they could be rigorously tested by additional measures. The present paper contains results which amply confirm those previously published, and reveal a relation between the intensity of the sun's general field and the character of the spectral lines used for its determination. The stronger fines give smaller values of the field-strength, and, since the intensity of a fine depends upon the level in the solar atmosphere at which it originates, it is natural to interpret these differences in field-strength as a consequence of differences in level.
In the original paper only four fines were shown to have displacements attributable to the general field of the sun. A number of others, mainly stronger fines known from laboratory investigations to have large Zeeman separations, showed no corresponding solar displacements. Fortunately an explanation of this apparent contradiction was offered in the circumstance that the displaced fines probably originate at a low level in the solar atmosphere, while 1 the others correspond to higher levels where the field is too weak to be detected. Although the hypothesis that the general field decreases rapidly in intensity with increasing elevation has usually proved a rehable guide in the choice of additional fines, caution must be exercised in accepting this interpretation of the differences in field-strength, inasmuch as the measures may perhaps be affected by systematic errors depending upon fine-intensity. The question is one of much complexity, and the relevant evidence now available is presented in a later section. Although a final answer cannot now be given, this uncertainty in no wise affects the two main results of the investigation. So far as there may be doubt, it is associated with the interpretation of the second result-the relation between field-strength and fine-intensity-and, perhaps involved with this, is the puzzling circumstance that certain lines having large displacements in the third-order spectrum show little or no displacement in the second order. Before proceeding to a discussion of the observations, certain details concerning the measurement of the displacements require consideration.
I. CONFIRMATION OF DISPLACEMENTS BY OTHER. OBSERVERS
The observations and measures have always been arranged so as to avoid vitiating influences that might arise from a knowledge of the observing conditions. Nevertheless we have considered it of the utmost importance to obtain all possible confirmation of the measured displacements, which are so small that it is difficult to obtain definite evidence of their reality. The fines are wide in comparison with their shifts, and when measures are first undertaken the accidental errors are usually so large as to mask completely the quantities to be observed, which even after much practice remain for many observers below the limit of perception. Thus five members of the Observatory's staff have made more or less extensive series of measures without obtaining a positive result. On the other hand an equal number of other members of our staff have produced evidence of the objectivity of the displacements and of their agreement with the puting Division have made trial series which confirm the general character of the results. These measures, which were on X 5856.312 (Fe, 2), are illustrated in Fig. 1 , and a summary is given in Table I .
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Appended to each mean displacement in the table is its probable error, the unit being o.ooi mm; the number of values included in the mean is added in parentheses. The accidental errors are large (Miss Richmond's series includes half as many settings as that by Miss Felker) and the mean displacements are systematically smaller than those by van Maanen; but for the 45° regions the algebraic signs are all correct, and the means themselves are sufficiently in excess of their probable errors to make the results of significance.
MEASUREMENT OE DISPLACEMENTS WITH KOCH'S REGISTERING MICROPHOTOMETER
In the earlier work two forms of measuring machine were employed: a comparator of the ordinary type, with fixed crosshair, and a parallel-plate micrometer, with which adjacent sections of the displaced fine can be brought into alinement by inclining a plane-parallel strip of glass. At the outset the results of different observers with the ordinary micrometer were frequently in disagreement, and it was in the hope of avoiding such discrepancies that the parallel-plate machine was tried. This has proved so satisfactory that all of van Maanen's measures have been made with it. His results for the spectra measured by Miss Lasby with the comparator agree well with hers in sign, although there is a marked systematic difference in magnitude. 1 A promising means of avoiding systematic errors of measurement is offered by Koch's registering microphotometer, which automatically records the distribution of density in the photographic image of a spectral line. The photograph of the fine is moved at a uniform rate across a narrow slit, through which light from a constant source falls upon the sensitive electrode of a photo-electric cell. The variations in electromotive force, caused by changes in the intensity of the transmitted light, produce horizontal displacements of the filament of a string electrometer connected with the other electrode. The image of a small section of the filament projected on a photographic plate, moved vërtically by the same clock that carries the negative across the slit, traces a record of the intensitycurve of the line (see Fig. 2 the relative positions of spectral lines, as well as the distribution of intensities within them, and thus afford a means of measurement independent of the personal errors that affect observations made with a comparator. The instrument employed, which was kindly loaned by Professor Röntgen from the collection of the University of Munich for use in Pasadena during Professor Koch's visit in 1913, was not designed for the measurement of extremely small displacements, and it was doubtful whether the necessary degree of precision in the relative motion of the negative and the recording plate could be counted upon. Three solar lines were first studied, two of which (X5928.013 and X5929.898) had been found to be subject to displacement, while one (X5930.406) was not appreciably affected and thus furnished a reference mark to which the other lines could be referred. The differences between the two reductions indicate the uncertainty of the results obtained with the registering photometer. For the shorter interval (X 5929.898) the measures are in approximate agreement with each other and with those of van Maanen. For the longer interval the inaccuracies of the driving mechanism are naturally reflected in the results.
As a further test, measures were made with the Koch photometer on X 6302.709 (Fe, 5), which was referred to the neighboring atmospheric fine X 6302.975. Here it was possible to use the larger magnification of 46.4, although owing to the inherent uncertainties it is doubtful if any greater precision was obtained.
Twenty density-curves covering four adjacent spectra were registered from plate T' 33 7a. As before, two reductions were made, one including all the abscissae for each curve, the other only those for ordinates common to the two curves. The results are From the original negative van Maanen had previously found + 2.8 ju. The uncertainty of the results from the Koch machine is rather large in this case, and the'agreement with van Maanen's value, though probably of no real significance, is better than might have been expected. These preliminary results indicate that a specially designed microphotometer should afford measures of great value, particularly for the study of systematic personal errors. As soon as opportunity permits, the instrument recently constructed in our shops will be used for a study of this question.
THE OBSERVATIONS
The measures considered in the present discussion depend on the groups of plates designed as Series IV, V, VI, VII, and VIII. The details, as well as the general method of observation, were the same as those previously described. The photographs of the third-order spectrum were made by Ellerman personally or else under his immediate supervision with the 75-foot spectrograph of the 150-foot tower telescope, the 43-cm solar image being used throughout. In view of the high excellence required for successful use, plates have frequently been rejected without measurement; insufficient or excessive contrast and irregularities in density were the most common reasons for rejection.
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Besides the lines given in Table III , others have also been measured. A list of these, which show no sensible displacement, is in Table IV . The close equality in the numbers of right and wrong signs is in striking contrast with the preponderance of correct signs in Table III .
DETERMINATION OE MAXIMUM DISPLACEMENT FOR DIFFERENT LINES
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This neglects quantities of the order of i, but a combination of results for the observations in the northern and southern hemispheres, which with few exceptions are symmetrically distributed, reduces the error to one of the second order. In fact, the application of (6) to equal values of'<¿>, N. and S., leads directly to (4), which is of this precision. The use of (7) is facilitated by the tabulation of A with the arguments <f> and D.
To shorten the calculation, means were found for groups of displacements observed for each line in neighboring latitudes, the limits in general being Tables V-VIII. The results are given in Table IX , which contains the values of A 4S for each hemisphere without distinction as to sign, their differences and their means, the value of k, the original number of observations within the chosen limits for <£, the number rejected, and the probable error of a single observed value of A derived from a comparison with the theoretical displacement curve written in the form (6). The unit for A 4S and the probable error is 0.001 mm. The table also indicates, in the last column, the value of one angstrom in millimeters, which is necessary for the transformation of A 4S into angstroms.
In order to utilize all the available data, the results by van Maanen on X5929.898, Series I and III, and on X5812.139 and X 5828.097, Series IV, 1 are also given in Table IX . To secure homogeneity these have been rediscussed by the foregoing method, which accounts for small differences between the values in Table IX and those previously published. The only results not included are the fragmentary measures of X 5812 and X 5828 in Series I and the results of Series II, which were from second-order spectra. The consistency of the data is illustrated by the differences in the fifth column of and the smallness of the unit in which the differences are expressed (1 /x), the internal agreement is very good, especially for Series V and VII, which include later measures and plates of somewhat better quality. 
CONFIRMATION OF THE EXISTENCE OF THE SUN ? S GENERAL FIELD
It is appropriate at this point to remark upon the character of the evidence now presented as bearing upon the existence of the sun's general magnetic field. It is scarcely necessary to state that it confirms the results of the preliminary investigation. For example, a moment's inspection of Tables V-VIII shows that the displacements of the twenty-six additional lines agree with those found for the four lines discussed in Mount Wilson Contribution, No. 71. The algebraic signs are opposite in the northern* and southern hemispheres and give the same magnetic polarity as was deduced from the earlier results. Such differences as occur relate mainly to the amplitude of the displacement-curves, and this is determined by the field-strength at the points in which the different lines originate and the magnitude of their respective Zeeman separations, modified to some extent perhaps by systematic influences depending upon line-intensity.
Comparing the variation of the displacements as a function of latitude with the theoretical behavior of a uniformly magnetized sphere, we find as before an agreement that is within the limits of the uncertainty affecting the measured displacements. Moreover, the small differences in the values of A 4S for the northern and southern hemispheres, which have been collected in Table IX , leave no doubt as to the correctness of the original estimate that the inclination of the magnetic axis to the solar axis of rotation cannot exceed a few degrees.
Added weight is given to these conclusions by the precautions taken to avoid physiological error and by the independent confirmation of the displacements by measurers who were entirely ignorant of the data of observation. But by drawing upon the results of another investigation, which will be published in detail later, 1 we can make the case even stronger.
In the present paper we have been content to indicate that the inclination of the sun's magnetic axis does not exceed a few degrees and may be disregarded without appreciably 
The longitude X varies from day to day, and a comparison of the values of F for different days extending over a sufficient interval will enable us to determine the inclination i and the period of revolution P. From an extended series of observations on three chromium lines, X 5247, X 5300, and X 5329, it has been found that the calculated values of F are actually in close agreement with a periodic function of the form of (9). 
and since i as well as D is small, the curve always passes near the origin, A 0 having values that are sometimes positive and sometimes negative.
Thus the changing position of the magnetic axis caused by its revolution around the sun's axis of rotation produces a small shift of the displacement-curve in its own plane, together with some change of form; and from these second-order effects the inclination and period have been derived. Since the three lines selected for the investigation were observed on sixty-three days (the observations extend over an interval of one hundred and ten days), nearly two hundred separate curves enter into the calculation. Not only is the characteristic form revealed in every case, but, of far more importance as evidence of the reality of the field, the curves for the separate days are so related in form and in position with respect to the origin that the second-order quantities F satisfy equation (9) (9). These results, particularly those illustrated in Fig. 4 , exhibit a degree of internal consistency which is a searching test of the validity of the conclusions as to the existence of the sun's generál field.
On the other hand we must consider the significance of the negative results from the lines listed in Table IV , which are not affected to any measurable amount by the sun's general field, although all of them are susceptible to the action of the magnetic fields in sun-spots. Certain aspects of the question thus raised are discussed in a later section. At present it is sufficient to state that the probabilities established by the evidence favorable to the existence of the field are so great that the negative results are presumably to be attributed to some class distinction separating the two lists of lines.
Our experience indicates that a very considerable number of lines will ultimately be found to show the influence of the sun's general field. The list of elements represented by displaced lines now includes iron, chromium, nickel, vanadium, and titanium, but it will doubtless be possible to add other elements. 
CALCULATION OF THE FIELD-STRENGTH
The results in Table IX are now to be combined with the laboratory data in the fourth, fifth, and sixth columns of Table X , where C, the magnetic separation for a field of one gauss, is expressed in 0.0001 A as a unit. The values of A 45 in the seventh column, expressed in the same unit, depend on the sixth and last columns of Table IX . The field-strength at the magnetic pole of the sun, which, it should be repeated, is here considered to be a uniformly magnetized sphere, is then found from C and A 4S by equation (5). 's table  1 for iron, but most of the fines had to be specially observed. In spite of the great difficulties involved in the laboratory investigation of faint fines, Mr. Babcock has succeeded in determining C for all but four of the fines. One of these is unidentified, a second is a chromium fine of intensity o, and the others are the iron fines X 5928.013 and X 5929.898, both of solar intensity 2. In the previous paper doubt was expressed as to the reliability of the identification of X5929.898 with iron. The fine has since been observed by Mr. Babcock in the spectrum of the core of the iron arc, but it does not appear in the spark and its separation by the magnet has not yet been determined. Hence we must still depend upon the approximate valúe of C derived from its separation in spots. The results for the structure of the lines are far from complete. In several cases the number of components is uncertain or unknown. The number of normal triplets is relatively small; nevertheless the theory developed for lines of this class or, more generally, for those with three groups of components of definite intensity relations, 1 has been applied to all of the lines observed. The error thus involved in cases of unusual structure is probably small, for the field-strength is based upon the displacement at <£ = 45°, where the inclination of the fine of sight to the lines of force is so small that the ^-components and one group of the ^-components are not transmitted to any appreciable extent by the analyzing apparatus of the spectrograph. Consequently the displacements must be nearly independent of the structure of the lines.
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But A 4S is not alone the result of observations at 0 = 45°, for it includes displacements observed throughout the interval <¡> = 20° to 0 = 69°. The substantial agreement of values of A 4S found from different latitudes leads, however, to the conclusion that the influence of complex structure is unimportant.
The weights of H p in the last column of Table X have been assigned after a consideration of various circumstances that affect the precision. Both faint and strong lines are difficult to measure. Thus far it has not been found possible to use lines fainter than o, while the large scale of the photographs gives to lines of intensity 4 or 5 a width that greatly increases the difficulty of the settings. Lines of intensity 2 or 3 are perhaps most easily measured, but, independently of intensity, contrast and sharpness enter to such a degree that general statements must be cautiously made. Further, the number of observations naturally influences the precision of A 4S , the reliability in this respect being indicated by the data in Table IX . On the laboratory side there is also a wide range in precision, according to the number, character, and the more or less perfect resolution of the components of the individual lines. The adopted weights represent an attempt to strike a balance between these different factors.
It will be noted that the value of H P for X 5929.898 (18.3 gausses) differs widely from that of 28 gausses previously published. We desire at this point to express our obligations to Miss Richmond, Miss Wolfe, and Miss Felker of the Computing Division for their assistance with the least-squares reductions and the extensive calculations necessary for the determination of the field-strength from the individual lines.
VARIATION OF FIELD-STRENGTH WITH INTENSITY OF THE LINES
From an examination of Table X it is evident that the values of Hp vary with the intensity of the lines observed. To exhibit the nature of this relation, the data have been collected in Table XI , which also gives the weighted mean field-strength (the weights are in parentheses) corresponding to lines of each intensity for each of the elements thus far observed. It will be noted that, in general, the values of E p corresponding to a given intensity, at least for any single element, are approximately equal. In the case of iron, intensity 2, for example, the agreement is surprisingly good, with the exception of the result for X 5856. The mean results are shown graphically in Fig. 5 .
In forming the means, the iron lines X6079 and X6149, which are slightly enhanced, perhaps should have been omitted, since lines of this character probably correspond to a higher level than that indicated by unenhanced fines of the same intensity. The mean field-strength would not, however, have been appreciably modified. The single titanium line X 4418 is also enhanced, though not to an important degree. For iron and chromium we find a rapid decrease in field-strength with increasing line-intensity. For vanadium, nickel, and titanium the data are too slender to establish independently the nature of the relation; but, including fines of all intensities, the mean value of Hp for each of these elements is in general agreement with the results for iron and chromium. The field-strength for iron, the suggestion on an earlier page, the data for field-strength and intensity in Table XI and Fig. 5 are therefore open to interpretation as the result of a variation of field-strength with level, and would indicate that the intensity of the sun's general field decreases rapidly in passing upward from the level represented by lines of intensity o.
In the main, the curves of In other words, we should expect the curves to he close together, as they actually do. The systematic difference for iron and chromium is probably real. The fines observed may actually occur at slightly different elevations, as the two curves would indicate, for we are dealing with a limited number of fines observed over the general solar disk, while St. John's results are averages for large numbers observed at the outer edge of the penumbrae of sun-spots. But, as already stated, the correlation of the observed changes in field-strength with variations in level depends upon the assumption that the measured displacements are free from systematic errors which vary with the intensity of the fines observed. It is therefore important that the question of systematic errors be given careful attention.
SYSTEMATIC ERRORS
Comparing the results of different observers, the displacements determined by Miss Lasby 2 appear to be 50 per cent larger than those by van Maanen, and seem also to have been in excess of those found by Mr. Adams in his trial measures.
3
On the other hand the mean values for Miss Richmond and Miss Felker in Table I are appreciably smaller than those by van Maanen. Further, disregarding the inconclusive discordance for X 5928, the measures by van Maanen are in satisfactory agreement with those from the Koch registering photometer, although the data are insufficient for final conclusions.
Personal errors, however, we may suppose to be approximately constant, and should not therefore affect the relative values of the field-strength derived from fines of different intensities. Depending upon the measures of a single observer, the data discussed in this paper should be homogeneous, and it is highly improbable that the -, o) show displacements in the second order which are sensibly equal, when reduced to the §ame scale, to those observed in the third order (van Maanen estimates the intensity of X5329 on Mount Wilson plates to be 2).
2. In third-order spectra the lines X 5247.737 (Cr, 2) and X 5929.898 (Fe, 2) both show displacements attributable to the sun's general field, although neither is appreciably displaced in second-order spectra (van Maanen's estimate of the intensity of X 5247 on Mount Wilson plates is 3).
3. The lines X6173.553 (Fe, 5) and X6302.709 (Fe, 5) have wide separations of nearly equal magnitudes in the spectra of sunspots. The former shows one of the largest displacements thus far observed in the case of the sun's general field (the measures are of third-order spectra); but the latter, X6302, has no measurable displacement in the first, second, or third orders.
1
(On Mount Wilson photographs X6302 is decidedly stronger than X 6173 and much more difficult of measurement.)
It is difficult to find in these results any influence certainly due to intensity. The fact that the intensities of the lines under (1) are less than those under (2) might be suspected of having something to do with the failure of X 5247 and X 5929 to show displacements in the second order. But we should then be at a loss to know the bearing of this inference upon the third-order results for lines of high intensity, such as X6173 and X6302, referred to under (3); and the difficulty would only be increased when we 1918Ap J 47. . 2 0 6H 242 HALE, SE ARES, VAN MAANEN, AND ELLERMAN attempted to account for the behavior of the faint line X6012.450 (Ni, 1), which has a very large displacement in the spectra of sunspots and none at all in the general-field photographs. Clearly something besides line-intensity is involved in these phenomena.
There are reasons for believing that the amount and distribution of the photographic density across a line are factors of importance in the measurement of minute shifts.
Both the lines which are undisplaced in the second order have sharp edges and show strong contrast on the photographs taken in this order. The third-order images of these lines, and both second-and third-order images of the lines mentioned under (1), are much flatter. Their densitycurves have neither the steepness nor the height that characterize the second-order photographs of X5247 and X5929; and, in general, lines that show displacements do not possess intensity-curves of this type. The minimum density within a line (the reference is to the negative) and the contrast vary with exposure and development. Very faint lines naturally give difficulty in measurement, but low density and excessive contrast also produce unsatisfactory results. The ease of setting is of course greater in the case of sharp narrow lines, but for such lines displacements have not been detected.
These facts may perhaps be explained by supposing that it is the point of minimum density-the highest point of the intensitycurve-rather than the edges of the line that determines the value of a setting. In cases of excessive contrast the middle of the line is likely to be underexposed and it will then be impossible to locate the minimum with precision, for throughout the central section there will be no appreciable deposit of silver. The explanation also applies to the peculiar behavior of XÓ302, described under (3). On the Mount Wilson photographs its intensity is at least two units greater than that of X 6173. In the third order it is so broad and diffuse that satisfactory measurement is impossible, while in the first and second orders the contrast and density are such that the point of minimum density cannot be located; X6173, on the other hand, is well suited to measurement.
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It seems likely, thetefore, that the form of the intensity-curve rather than intensity in the usual sense is a controlling factor in the detection and measurement of the displacements. This conclusion is not directly an answer to the inquiry as to the existence of systematic errors depending upon intensity, but it seems to account for the irregularities that might have been attributed to such an influence, and we are thus left without any evidence which would indicate that such errors have entered into the results. data relate to the same limited region of the spectrum. An exception, however, was made in the case of nickel, for which the region X5000-X6000 was also used in order to compensate for irregularities in the interval X4000-X5000. The mean levels thus derived (in kilometers) have been entered in Table XI . Those for iron, chromium, and nickel show a regular increase in elevation with decreasing field-strength. For vanadium and titanium the results are discordant, but the evidence is inconclusive. Although the levels for these are systematically higher than for the corresponding intensities of other elements, the extreme range, including all elements, is small, and apparently that portion of the sun's general field effective in producing the observed displacements is limited to a very thin shell in the solar atmosphere. The results are illustrated in Fig. 6 .
Various reservations and exceptions to these conclusions immediately suggest themselves and have now to be considered.
First, we have tacitly assumed that lines of a given element and intensity correspond to the same level in the sun's atmosphere independently of wave-length. But we have reason to believe that the levels determined from line-intensity are affected by scattering, 1 which certainly varies with the wave-length; in addition there may be influences depending on wave-length which are pecuhar to the different elements. We can remove the effect of scattering by the 1918Ap J 47. . 2 0 6H TEE GENERAL MAGNETIC FIELD OF THE SUN MS application of an appropriate correction; but possible disturbances arising from other causes will be so involved with various uncertainties inherent in the observation of flash spectra that their consequences are necessarily disregarded. Second, elevations derived from flash spectra must be accepted with caution, owing to the fact that for different elements lines having the same solar intensity may behave quite differently in the chromosphere, some showing much greater intensities in the flash spectrum than others. Since lines of high intensity are represented in such spectra by relatively long arcs, the calculated levels may exhibit differences that are wholly fictitious. Such, for example, is the case with vanadium as compared with the other elements observed.
Third, since the evidence for relatively greater elevation in the case of the enhanced lines seems unquestioned, it is not permissible to disregard this fact in the combination of the data now under discussion.
For a change in wave-length of iooo A the influence of scattering is equivalent to about one unit of intensity, 1 lines to the red corresponding to a relatively lower level than their observed solar intensities would indicate. Levels assigned on the basis of the observed intensity will therefore be too high in the red and too low in the blue. The corrections apparently should vary directly as the fourth power of the wave-length, and may be derived with the aid of the levels in Table XI , care being taken to use for each element the rate of change in elevation per unit of intensity corresponding to the element and intensity in question.
As a matter of convenience we reduce the elevations to X 5300, the wave-length of the chromium lines. The corrections in kilometers are given in Table XII .
To study the consequences of abnormal behavior of any element in the chromosphere, we may compare the intensities of its lines in the flash spectrum with those of the flash-spectrum lines of other elements. Flash intensities do not ordinarily correspond to those of the general solar spectrum. Lines of faint solar intensity commonly have flash intensities which are one or more units higher than 1 St. John, loc. cit. For the intensities involved in this investigation the behavior of iron and chromium in the chromosphere is substantially the same, and the levels calculated for their respective lines should be comparable, in so far as the point now under discussion is concerned. But with nickel, vanadium, and titanium there are deviations to be considered, which are indicated by Table XIII the relatively high flash intensities of vanadium as compared with iron and chromium lines of the same solar intensity will lead to calculated levels that are too high unless suitable corrections are applied. To derive such corrections, the flash-spectrum intensities may be plotted against the levels given in Table XI Finally, to arrive at a rough correction of the levels of the enhanced lines X6079 and X6149 which will reduce them to the system of the other lines, we may make use of the results of Mr. Adams on the displacement of lines at the sun's limb. 1 These show that the enhanced lines are shifted by larger amounts than unenhanced lines of the same intensity. For X 6079 and X 6149 he finds shifts of +0.009 and +0.010 mm, respectively. These are equal to the displacements of unenhanced lines whose intensities are at least two units greater than those of the lines in question. We accordingly find corrections of +75 km. The result is not very reliable, but the scanty data available suggest that the corrections should be larger rather than smaller. The corresponding effect upon the level for iron lines of intensity 2 given in Table XI is +25 km.
The application of this and the corrections in Tables XII and  XIV to the levels in Table XI gives the values which are provisionally adopted as corresponding to the mean field-strengths. These results also appear in Table XI opposite the word "Adopted."
With this revision of the levels, the curves of Fig. 6 assume the form shown in Fig. 7 . Notwithstanding the tentative character of several of the corrections, an improved agreement is noticeable in various directions. The iron and chromium curves are now nearly coincident, and four of the five vanadium lines, which before were seriously discordant, are now in excellent agreement with iron and chromium. titanium line, X4418 (1), remain discordant, and the agreement for nickel is less satisfactory than before. The titanium line is slightly enhanced and presumably something should be added to the adopted level, but the data necessary for the calculation of the correction are lacking. It is not surprising, however, that individual lines should have levels which differ from the mean level of all lines of the same intensity; and the uncertainty of the corrections which reduce the results for nickel to X 5300 is more than sufficient to account for the systematic deviation shown by that element in Fig. 7 . The main point of this detailed discussion of corrections is that none of the disturbing influences mentioned is capable of modifying essentially what seems to be a fundamental relation between fieldstrength and level in the sun's atmosphere. Qualitatively the results of Fig. 7 are the same as those of Fig. 6 , and quantitatively, even, the differences are confined within narrow limits.
IO. INTERNAL EVIDENCE
It is now possible to point out certain internal agreements in the results that add much to the weight of the conclusions.
First, there is a wide range in the Zeeman separation of the components of the various fines under the influence of a constant field. Nevertheless, the measured displacements lead to closely accordant values for the field. As an example, the iron fines X 5253 and X6149, of intensity 2, coefficient of separation about 0.4, give for Ep the same value as that derived from X 5929 and X 6079^ The two groups of lines give nearly the same value for H P , although for a given field-strength the separations of one group as observed in the laboratory are nearly twice those of the other. Their solar displacements must therefore bear a similar relation to each other, and the precision of the measures has accordingly been such as to reflect these differences in the behavior of individual lines. Second, reference has been made to the systematic difference in field-strength for iron and chromium fines of the same intensity illustrated in Fig. 5 . The difference does not appear in Fig. 7 , and upon examination we find that this is due to the circumstance that the calculated levels for chromium are higher than those for iron (see Table XI ), the differences in field and intensity compensating each other in such a way that for a given level the calculated strength is the same whether we use the fines of iron or chromium. In other words the hypothesis of a change of field with level reconciles the differences of Fig. 5 , and the observed displacements for these two elements differ by just the amount required for them to yield the same field-strength for a given elevation. > Third, the application of the corrections derived in the preceding section led in general to an improved agreement. Since all of the corrections are based upon the hypothesis of levels, the accordance of the final results is in favor of the applicability of this hypothesis.
II. FAILURE OF CERTAIN LINES TO REVEAL THE GENERAL FIELD
The influence of the density and contrast of a spectral fine upon the detection of displacements due to the sun's general field has already been discussed. The apparently great importance of these factors raises a question as to the part they may have played in producing the negative results summarized in Table IV . It is certain, however, that the character of these fines is not wholly responsible for the absence of measurable displacements, and it is unlikely 1918Ap J 47. . 2 0 6H 2 50 HALE, SE ARES, VAN MAANEN, AND ELLERMAN that it has had any considerable influence, for many of the lines are of a satisfactory quality. It is evident, therefore, that in the case of Table IV we are dealing with an anomaly of another kind. All of the lines there listed show displacements in the spectra of sun-spots. For some of these lines the separation of the components in spots is less than the average spot-separation of the lines in Table I , but the behavior of others (for example, X 6005, X 6012, and X 6081) in spots is entirely comparable with that of the lines in Table III . The line X 6012 (Ni, 1) is especially noteworthy. Its components are more widely separated by the magnetic fields in sun-spots than those of any of the fines in Table III excepting X 6173 (Fe, 5) ; but on the generalfield plates it shows no appreciable displacement, although other lines of similar intensity on the same photographs, such as X 6007 and X 6039, are certainly displaced.
There is obviously a lack of parallelism between the results for spot fields and for the sun's general field. At present no complete explanation of these differences can be given; we can only offer various suggestions that later experience may prove to be of more or less significance.
In general it is to be noted that sun-spot fields extend over a much greater range of level than can at present be explored in the case of the sun's general field. Moreover, the conditions of pressure, temperature, and ionization are more or less different in the two cases; and it is not surprising that complete parallelism in results should not be found for fields existing under such diverse conditions. It seems not improbable that, in the sun's general atmosphere, some of the fines fisted in Table IV originate outside the thin shell of a hundred or more kilometers' thickness which seems to include that part of the field now accessible to observation.
A careful examination of the displacements in sun-spot vortices by Mr. St. John and Miss Ware reveals no essential difference between the two classes of fines. On the other hand, Mr. King, from a consideration of temperature conditions, finds for chromium and vanadium, at least, some indication of a class distinction. His conclusions are as follows:
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The iron and nickel lines of Table III are faint in the arc and for the most part have not been observed in the furnace. The chromium and vanadium lines are usually strong at all furnace temperatures. The vanadium hues X 4438 and X 6120 are relatively strong at the lowest temperature at which the spectrum appears. Table IV contains no lines which are in any respect lowtemperature lines. The iron lines are of the type seeming to require not only high temperature but high-vapor density. They are shown best by the core of the arc and by the tube-arc, and with great difficulty by the furnace and the spark. Two titanium lines and one calcium line are produced by the furnace, but are faint or absent at low temperature.
12.. THE LOCAL-WHIRL HYPOTHESIS
In Mount Wilson Contribution, No. 71, it was suggested that the general magnetic field of the sun might result from the combined effect of a great number of local whirls. Evidence opposing this view was offered, but the material available for discussion was insufficient, and we may now return to a consideration of the suggestion, which is regarded favorably by both Birkeland 1 and Brunt.
1918Ap J 47. . 2 0 6H THE GENERAL MAGNETIC FIELD OF THE SUN 253 of electricity in a pore, or in a minute vortex between the granules, is almost as great as that required to account for the intense magnetic field in a large sun-spot. While for the foregoing reasons we are not inclined to give favorable consideration to the hypothesis of local whirls, further attempts will be made to overcome the observational difficulties of photographing the spectra of the dark spaces between the granules on a sufficient scale to detect possible local Zeeman effects.
In considering the bearing of our results on theories of the solar magnetism it should be remembered, quite apart from the question of systematic errors, that our highest values do not necessarily represent the full intensity of the sun's field. On the contrary, the apparent variation of the field-strength with level in the solar atmosphere renders it probable that more intense fields may ultimately be detected at lower levels. This change of field-strength, if actually as rapid as the results seem to indicate, will also afford a useful criterion of a satisfactory theory, which must furthermore account for the observed inclination of the magnetic axis to the sun's axis of rotation.
SUMMARY
The present investigation is a continuation of that in Contribution, No. 71. Measures of displacements are given for twenty-six additional lines in the solar spectrum belonging to the elements iron, chromium, nickel, vanadium, and titanium (Tables V-VIII) . Eighteen other lines (Table IV) , all of them susceptible to the influence of magnetic fields in sun-spots, show no measurable shift. The twenty-six fines, which through changes in position indicate the presence of a magnetic field (Table IX) , confirm the results detailed in Contribution, No. 71, and seem to place beyond reasonable doubt the conclusion that the sun behaves approximately as a uniformly magnetized sphere (secs. 1, 2, and 5), with the magnetic axis only slightly inclined to the solar axis of rotation and a polarity corresponding to that of the earth.
Laboratory data are available for twenty-seven of the thirty lines (indirectly, for one fine) known to be influenced by the sun's general field. Combined with displacements observed in the solar
